The objective of this work was to test the impact of coagulant and flocculant at the stage of mechanical wastewater treatment on the wastewater treatment plant operation, performed in the A2O process. In this paper, the principles of correct conduct of coagulation in wastewater treatment have been discussed. It appears from the research performed that significant elimination of BOD 5 such as 20÷30%, total suspended matter up to 90%, COD up to 50% and total nitrogen at 30% level was achieved supported by the coagulation process in the pre-settling tanks. Approximately 50% of phosphorus was eliminated after the mechanical part. Additionally, a significant impact of Superfloc flocculant on the effectiveness of the solid phase separation (activated sludge) in the secondary settling tank was noted under diversified flow conditions.
INTRODUCTION
Municipal wastewater treatment creates serious technical and technological problems. This originates from the fact that municipal wastewater has non-uniform composition and high concentration of organic pollutants as well as contents of specific substances. The supernatant water from wastewater treatment that is returned to the wastewater treatment technological line has an impact on the wastewater treatment process. It features high contents of organic compounds and non settling suspensions containing adsorbed metals as well as gases (hydrogen sulphide and methane) and biogenic compounds. Numerous research works performed by many authors indicate that the phosphorus contents in the supernatant water coming from gravitational concentrators may amount up to 500 mg/L, whereas nitrogen up to 300 mg/L [Malej & Boguski, 2000 , Malej, 2000 , Piaskowski & Ćwikałowska, 2007 . However, application of centrifugal sedimentation increases the concentrations of these pollutants up to 600 mg/L and up to 1000 mg/L, respectively [Malej, 2000 , Przywara, 2006 . In order to increase the effectiveness of wastewater treatment, in physicochemical processes in coagulation-flocculation and coagulation-sedimentation-flocculation arrangements are dominant in the modern wastewater treatment systems. In the event of a necessity to particularly protect receiving waters, such as protection of seawater in the vicinity of beaches and watering places as well as protection of water intakes for alimentation of cities/towns or food industry, disinfection process is applied additionally [Duan & Gregory, 2003 , Hansen, 2002 , Malej, 2008 , Przywara, 2006 .
The objective of this work was to test the impact of coagulant and flocculant at the stage of mechanical wastewater treatment on the wastewater treatment plant operation, performed in the A2O process.
Impact of Sedimentation Supported by Coagulation Process on Effectiveness of Separation of the Solid Phase from Wastewater Stream

METHODOLOGY OF RESEARCH
Wastewater is transported to "Jamno" Wastewater Treatment Plant by gravity via a 1800 mm sewer pipe. The wastewater treatment plant operating in the A2O arrangement/system, which ensures highly efficient elimination of carbon, nitrogen and phosphorus compounds, is composed of mechanical and biological parts. The designed wastewater treatment plant throughput was defined at 40 000 m 3 /d level, whereas the average volume of wastewater supplied to the plant in 2017 via the sewerage system, was only 24 783 m 3 /d. The mechanical part is composed of a handoperated screen with 100 mm clearance, three step screens with 3 mm clearance and three sand traps with horizontal flow before which PIX-113 coagulant is added to wastewater in the amount of 35÷90 g PIX/m 3 and two rectangular two-chamber oblong pre-settlings tanks. The coagulation process is supported, before the settling tanks, with anionic polymer added in proportion to wastewater flow rate (0.02÷0.1 g/m Figure 1 .
Beyond the pre-settling tank part of raw wastewater (approx. 20%) flows to the pre-denitrification chamber, whereas the remaining volume flows directly into the anaerobic chamber (KB1, then KB2). The denitrification process is performed in three subsequent chambers with internal recirculation flowing from the last nitrification chamber to the first denitrification chamber. The volume of such internal recirculation depends on the concentration of nitrates (V) in the aerobic chamber (nitrification). Before wastewater is supplied to the secondary settling tank, it is subjected to fine bubble aeration in nitrification chambers (KN). The same coagulant as the one used in the mechanical treatment stage, i.e. iron (III) sulphate (VI) with commercial name PIX-113 is added (from 15 g to 80 g/m 3 ) before the radial secondary settling tanks to the distribution chamber; it prevents the secondary liberation of phosphorus from the activated sludge bacteria cells and promotes a simultaneous phosphorus precipitation. The sludge external recirculation flows from the settling tank to the pre-denitrification chamber (KPDN) at 100-150% Q level. The purified wastewater is channelled to the receiving water, which is the Dzierżęcinka river, supplying the Jamno coastal lake.
Raw and mechanically purified wastewater (beyond the pre-settling tanks) was taken as daily average samples in 2015 with automatic samplers in proportion to the flow rate, in weekly intervals. The following pollution indicators were determined in the taken averaged samples: COD, 
RESEARCH RESULTS
Supporting of wastewater treatment with coagulant and polymer in the mechanical stage is particularly significant due to high variability of raw wastewater composition, practically during the entire year. Variability of concentration of the analysed indicators in raw wastewater and after sedimentation in the pre-settling tank is illustrated in Figures 2-5 . The presence of pre-settling tanks supported by chemical precipitation allows for reduction and stabilisation of pollutant loads entering the biological part. Therefore, by increased effectiveness of elimination of the solid phase from wastewater stream in the pre-settling tanks, the load of biological chambers with pollutants is reduced, resulting in practical benefits. Those benefits originate, first and foremost, from the reduction of excess sludge increase, with a simultaneous reduction of the oxygen consumption and demand. By applying such solution we strive for improvement of the economic and energetic wastewater treatment effectiveness.
The coagulation process conducted before the pre-settling tanks definitely improved the quality of mechanically purified wastewater. Nevertheless, the lack of chemical support of sedimentation process in the pre-settling tanks contributed, in connection with the periodical problem of preliminary sludge disposal (due to low temperature), to deterioration of the solid phase separation results. The height of sludge laying in pre-settling tanks at that period (without chemi- The absence of chemical sedimentation support in the analysed period caused a significant deterioration of the mechanical wastewater treatment results. Table 1 shows examples of the analysed parameters values achieved after the pre-settling tank without flocculant application, which are similar to those of raw wastewater. During the research period, the performance of the secondary settling tanks was also observed. Flocculant is added in Koszalin wastewater treatment plant, depending on needs, also into the secondary settling tanks, in which the activated sludge is separated from the purified wastewater through sedimentation. Under normal flow conditions, such separation proceeds without any disturbance, and the sludge sedimentation rate depends on its concentration. If the sludge concentration is high, the rate of its sedimentation considerably decreases. In Figure No 6 , variations of the height of activated sludge in the secondary settling tanks under variable flow conditions, during addition of Superfloc C 18450 polymer, are illustrated. The difference of height between a well-concentrated sludge layer in the pre-settling tank No 2, supported by addition of Superfloc C 18530, and the concentrated sludge layer without the reagent was, during water hammering, maximum 50 cm. Under normal flow conditions, this difference was 20 cm on average (Maciołek, 2016) . The difference in sludge layer height was determined through direct on-line measurements of height of the clarified layer using Turbimax CUS71D Endress+Hauser probes, set for "distance from water to the dead zone" measurement mode. The added flocculant (quarternary polyamine) caused, under normal flow conditions (1 day), a quick change of the sludge concentration, which was confirmed by the on-line record. The height of the clarified zone during polymer addition remained similar to that under low flow conditions. During an increased inflow of wastewater, the sludge was intensely mixed and agitated, causing interference in readings. This may prove limited application of Turbimax CUS71D probes set for "distance from water to the dead zone" measurement mode under normal flow conditions.
The "Jamno" Wastewater Treatment Plant also collects wastewater from rural areas. Such wastewater features high hydrogen sulphide content. The PIX -113 preparation, which has been applied for many years, considerably eliminates hydrogen sulphide from wastewater. Furthermore, it improves the condition of the activated sludge thus improving the operation of the biological part of the plant. During a long-term operation of said wastewater treatment plant, it was noted that cessation or reduction of coagulant addition to raw wastewater led to an excessive increase of the total phosphorus concentration in the supernatant water and effluents from the sludge management returned to the main stream of raw wastewater. An additional advantage of using PIX in preliminary chemical precipitation performed at the mechanical part of the wastewater treatment plant, can be the reduction of biological reactors volume and operating costs, particularly reduction of electrical power consumption cost. This operation had an impact on reduction of the excess sludge volume, whereas the increased volume of the preliminary sludge (30÷60% reduction of the total suspended matter) promoted the process of anaerobic stabilisation of mixed sludge. It appears from laboratory tests and observation of the wastewater treatment plant operation, that pre-settling tanks make an important and essential part before the biological process of biogenic compounds elimination. They protect the biomass from elution of phosphorus eliminating bacteria and allow for intensification of the nitrogen and phosphorus elimination from wastewater. Improperly performed preliminary coagulation process may deteriorate the denitrification and nitrification effectiveness [Malej, 2000a , Malej, 2008 , Szyszko, 2015 . The speed of those processes is reduced radically.
CONCLUSIONS
Total phosphorus is eliminated in "Jamno" Wastewater Treatment Plant approximately at the level of 50%, already after the mechanical stage of wastewater treatment supported by preliminary precipitation with iron (III) sulphate (VI) with the trade name of PIX -113. Furthermore, the coagulant doses of 50 -100 g/m 3 allow for BOD 5 reduction by approximately 50 -60%, thus reducing the reactors capacity by half.
High variability of raw wastewater composition caused, as indicated by the test results of 2015 presented herein, very high variations in the biological part load during the year, when the coagulant and flocculant were not added into the pre-settling tanks,. Such irregularity may imply a non-uniform increase of the excess sludge, oxygen consumption and demand, concentration of nitrogen forms and the external and internal recirculation degree associated therewith.
Despite the application of a highly efficient biological dephosphatization method, it is still necessary to add PIX before the pre-settling tanks. The PIX-113 coagulant can be added in said wastewater treatment plant simultaneously into the biological reactors and to the distribution chamber before the secondary settling tanks; this allows for considerable improvement of the phosphorus elimination efficiency.
In the event of intensified rainfall, causing increased hydraulic load in the secondary settling tanks, the use of the polymer ultimately led to the achievement of positive effects, preventing flotation of the sludge outside overflow channels of the secondary settling tanks. 
